Abstract. In this paper we establish estimates for K-quasiconformal mappings z = g(w) of a domain bounded by two circles Itol = 1, 1wl = q and n continua situated in q < Iwi < 1 onto a circular ring Q(g) < IzI < 1 that has been slit along n arcs on the circles IzI = R(g) (j = 1,... ,n) such that I zi = 1 and IzI = Q correspond to Iwl = 1 and Itul = q, respectively. The bounds in the estimates for Q, R, and g(w)i are explicitly given, most of them are optimal. They are deduced mainly from [17] .
Introduction and notations
The generalization of Carleman's (see [1: p. 212 ], [2: P. 1771, [12: p. 15] ) area inequality for doubly-connected domains to multiply-connected domains in [15] improves many Grötzsch's [4, 6, 8 ] and Rengel's [13] significant circular slits theorems for conformal mappings. In [16] we establish further area inequalities for K-quasiconformal mappings (see the definition in [10: p. 16] ). Combining this with Grötzsch's [4, 5, 7] inequalities yields in [17] sharp or asymptotic sharp estimates for K-quasiconformal mappings of the circular ring Q < I z I < 1 with concentric circular slits onto domains lying in q < 1 Wi < 1. In this paper we establish estimates for the inverse mappings of those studied in [17) . Here the consideration is partly similar to the case of conformal mappings (K = 1, see [14: pp. 121 -124]) using two auxiliary functions introduced in Section 4.
Let now B be any domain given in the w-plane, bounded by two circles 1 wl = 1, wi = q and pn (p,-E N) boundary components 9 1 ,. . . , lying in (0 <)q < 1 wl < 1,
and transformed into itself by the rotation t = e'w. We shall write B = B0 when all aj are circular arcs concentric with the circular ring. Let G be the family of all Kquasiconformal mappings z = g(w) each of which maps B onto a circular ring Q(g) < Izi < 1 that has been slit along pn circular arcs L, (g) 
Estimates of Q
The estimate of Q plays an important role in establishing estimates for other quantities. Therefore we begin with this estimate.
Theorem 1. Under the above hypothesis and notations we have, for every g € G,
the estimate 
Lower bounds of R3
Since R,(g) > Q(g) (g E C; j = 1,... ,pn), with the help of (2.2) or (2.3) we can get lower bounds of R,. However, we want to establish other relations that, in certain situations, may give sharper estimates. 
Theorem 2. Under the hypothesis and notations given in

The auxiliary functions R(p,t,$) and T(p,r,$)
In order to establish other estimates of R2 , Q and Ig(w)I we will introduce the following two real functions.
Definition. The real functions r = R(p,t,$) (0 s < i < 1) j
t=T(p,r,$)(0<s<r<1)J (PEN) are defined in such a way that the circular ring .5 < jwj < 1 with p radial slits , {li 
s<R(p,t,$)<(0<s<<1) (4.1) R(p,t i ,$) < R(p,t 2 ,$) (0< s < i i < t 2 < 1) (4.2) R(p,t,.s i ) < R(p,t,s 2 ) (0 s 1 <82 < t < 1) (4.3) R(p,t,.$) > R(1,t,$) (0< .s < t < l;p >2)
With 
and for 0 < s <t < 1 
Other estimates of R,, Q and Ig(w)I
Using the auxiliary functions studied in Section 4, other estimates for R,, Q and Ig(w)I will be given. In particular, when s = 0 or s = 0, they may be sharper than ones of (3.1) and (2.2). In view of (4.3) and (4.6) we see that the coefficients in (5.4) -(5.6) are the best possible.
